Abstract Oxygen absorption-desorption processes for square planar Mn(II), Co(II) and Mn(II) complexes of tetradentate Schiff base ligands in DMF and chloroform solvents were investigated. The tetradentate Schiff base ligands were obtained by condensation reaction of ethylenediamine with salcyldehyde, o-hydroxyacetophenone or acetylacetone in the molar ratio 1:2. The square planar complexes were prepared by the reaction of the Schiff base ligands with Mn(II) acetate, Co(II) nitrate and Ni(II) nitrate in dry ethanol under nitrogen atmosphere. The sorption processes were undertaken in the presence and absence of (pyridine) axial-base in 1:1 M ratio of (pyridine:metal(II) complexes). Complexes in DMF indicate significant oxygen affinity than in chloroform solvent. Cobalt(II) complexes showed significant sorption processes compared to Mn(II) and Ni(II) complexes. The presence of pyridine axial base clearly increases oxygen affinity.
Introduction
Schiff base compounds have potential applications in their ability to reversibly bind oxygen (Martell and Clavin, 1952) . Since the 1970s, many reports have been published on studies to achieve oxygen absorption-desorption functions similar to those of such natural hemes using synthetic porphinatoiron(II), lacunars (Cairns et al., 2007) , Schiff base and macrocyclic complexes of different transition metals (Collman, 1977; Basolo et al., 1975) . Recently, this field span the gamut, in applications of the artificial oxygen carrier complexes, such as their use as catalysts for the oxidation of unsaturated organic compounds (Khandar et al., 2005; Lu et al., 2000; Li et al., 2007) , and inorganic-organic hybrid membrane for oxygen/nitrogen separation containing a cobalt(II) Schiff base complex as oxygen carrier (Kuraoka et al., 2000) and also, in finding new ligands with different substituents to encourage the complexes to bind with the dioxygen in a higher rate (Li et al., 2006; Huber et al., 2005; Comuzzi et al., 2002) .
Oxygen absorption properties of cobalt(II) complexes of N,N 0 -bis(salicylidene)-2,2 0 -dimethyl-1,3-propanediimine ligand derivatives, termed CoSaldmpr, were reported (Park et al., 1998) . The complexes gave significant results in 1-methyl-2-pyrrolidinone (NMP) solution. The complexes with 2 M 2-cyanopyridine axial base, loading of Co(3-methoxy-Saldmpr), measured in (g O 2 /g solution) remains about 35% higher than Co(3-methoxy-Salen) for at least four absorption/desorption cycles.
In our laboratory, the oxygen absorption-desorption properties for the square pyramide Mn(II), Co(II) and Ni(II) complexes of pentadentate Schiff bases derived from diethylenetriamine with salicylaldehyde or o-hydroxyacetophenone, in the molar ratio 1:2, were investigated (Emara et al., 2008) . It was clear that, Co(II) complex is a better oxygen carrier than Ni(II) and Mn (II) .
In the present work, some Mn(II), Co(II) and Ni(II) complexes in square planar arrangements were synthesized. The square planar complexes are formed through the reactions of the metal ions with some tetradentate Schiff base ligands under nitrogen atmosphere. The tetradentate Schiff base ligands were obtained by condensation reaction of ethylenediamine with salcyldehyde, o-hydroxyacetophenone or acetylacetone. The oxygen absorption-desorption properties for the square planar Mn(II), Co(II) and Ni(II) complexes were investigated in DMF and chloroform. The sorption processes were undertaken in the presence and absence of (pyridine) axial-base. The molar ratio of the axial-base:metal(II) complexes were 1:1. Although the solubility of the Ni(II) and Mn(II) complexes were significant in both solvents, the oxygen affinities of these particular ions were not significant. On the other hand, cobalt(II) complexes showed significant absorption and desorption processes, which the color of the Co(II) complexes terns red after the absorption of the oxygen at À10°C in both DMF and chloroform solvents and turned back to its original brown color by releasing the absorbed oxygen starting from 60°C until 80°C. Comparing the two solvents with the oxygen affinity, it is noted that in case of chloroform the oxygen affinity is decreased more than in case of DMF solvent. The presence of pyridine axial base clearly increases oxygen affinity. This may be ascribed to the electron-donating nature of the base which strengthens the cobalt-dioxygen interaction.
Interestingly, square planar Co(II) complexes in the presence of pyridine axial base have greater oxygen affinity than pentadentate Co(II) complexes (Emara et al., 2008) . Investigations on the effect of concentration of the metal complex with the oxygen affinity indicate that the decrease in the concentration of the carrier complex results in a decrease in the absorption of the dioxygen.
Materials and methods

Materials
Mn(OAc) 2 AE4H 2 O, Co(NO 3 ) 2 AE6H 2 O and Ni(NO 3 ) 2 AE6H 2 O were purchased from Merck; salicylaldehyde, o-hydroxyacetophenone, acetylacetone and ethylenediamine from BDH or Merck. Ethyl alcohol (95%), acetone, diethylether, methanol and absolute ethanol were used after purification (Vogel, 1978; Verlag and Wissenschaften, 1977) .
Synthesis of the tetradentate Schiff base ligands
Although high precautions were undertaken to avoid either air-oxygen or moisture in the reaction conditions in obtaining the tetradentate Schiff base ligands, N,N´-ethylenebis(salicylideneimine); H 2 Salen, N,N´-ethylene-bis(o-hydroxyaceto-phenoneimine); H 2 O-Hacen and N,N´-ethylene-bis(acetylacetoneimine); H 2 Acacen, the literature method of preparation of the ligands (under air atmosphere) was used (Campbell and Nyuyen, 2001 ). The apparatus, materials and super-dry ethanol as a solvent were housed in a glove bag flushed with nitrogen gas for 30 min before performing each individual reaction. Filtration, washing the products with dry ethanol and dry diethylether were performed inside the glove bag. Recrystallization was also undertaken after isolation of the ligands and performed in air-atmosphere. The products were left in a dissecator containing dry CaCl 2 , filled with nitrogen gas for drying until used. 
Synthesis of the metal complexes
The major criterion that fits the expected complexes is to synthesis square planar complexes, the reaction must occur in dry system and under nitrogen atmosphere. A special glass apparatus was used for the reactions designed with filtration unit under nitrogen gas with the use of dry-ethanol as a solvent and inserted a glovebag. The special apparatus which was used in these reactions is depicted in Fig. 1 . Nitrogen gas was purified and dried by passing it through pyrogallol, sodium hydroxide, silica gel and calcium chloride to remove the oxygen, moisture and carbon dioxide, respectively. Dry-ethanol was bubbled by dry N 2 gas for one hour to remove any dissolved oxygen. The procedure was carried out successfully in a dry nitrogen system which allows handling of all solvents and solutions in the absence of moisture or air. Yields of unrecrystallized product obtained in this way were over 75%. Recrystallization of the metal complexes can also be carried out in the same system. All the materials were handled inside the glove bag flushed with nitrogen gas.
The technical procedures were as follow: the amounts of the metal salts in 50 mL super dry absolute ethanol and the appropriate amounts of ligands in 50 mL of super dry absolute ethanol are placed in flask A (the reactor). The system was flushed with nitrogen gas for 30 min, and then filled with nitrogen gas. A triethylamine was used as deprotonating agent for the ligands, in the molar ratio (ligand:triethylamine; 1:2) and was introduced with a syringe through opening (1). The nitrogen inlet tube was again placed in this opening, allowing nitrogen gas to bubble slowly through the mixture, escaping through stopcock (2). The product was precipitated after a few minutes and left for one h to complete the reaction. Filtration is accomplished by rotating the entire filtration assembly around the standard-taper joint (3). Nitrogen was then introduced into flask (A), with stopcock (7) closed; with closure of the stopcock (5), the mixture is then pushed through the filtering frit. After filtration was completed, stopcock (5) was closed; flask (A) was evacuated again. The solvent was then forced through the frit by again introducing nitrogen to flask (A) and opening stopcock (5). This procedure was repeated two to three times. After several washing, most of the product appears on the frit, and the washing run through clear. The product was dried in vacuum on the frit.
Inside a glove bag flushed with nitrogen gas, dry nitrogen gas was introduced through joint (1) from the line, flasks (A) and (B) were removed, cleaned, filled with nitrogen, and put back in their places on the filter (flask (A) with the nitrogen inlet tube opened (1) again). Before flask (A) was replaced, the filter cake, always protected by a stream of nitrogen through opening (6), was carefully loosened from the frit and broken up with a long spatula. After the flasks were replaced, all traces of air which might have been introduced were removed by completely evacuating the assembly through stopcocks (2) and (4) filling the system with fresh nitrogen from the line through opening (1). After the assembly is tipped back into its original position (flask (A) down), the product is dumped into flask (A) by tapping the filter tubes tightly. The product can be stored by removing flask (A), which was protected by a stream of nitrogen through inlet tube (1). After removal, the flask was closed rapidly with a standard-taper stopper. Yields were in excess of 75%.
A solution of the prepared tetradentate ligands in dry absolute ethanol was added gradually to a solution of the Ni(II), Co(II) and Mn(II) salts in dry absolute ethanol in the molar ratio 1:1. Most of the products were solid crystals. Some of the complexes where their ligands derived from the acetylacetone were isolated as hygroscopic products.
In a representative preparation, a solution of H 2 salen (1.60 g, 5.90 mmol) in 50 mL dry absolute ethanol was added dropwise to the solution of triethylamine, (1.65 g, 8.15 mmol) in 50 mL dry absolute ethanol, then the mixture was added to cobalt(II) nitrate hexahydrate, Co(NO 3 ) 2 AE6H 2 O (1.74 g, 5.96 mmol) in 50 mL dry absolute ethanol at room temperature. The reaction mixture was heated for a few min, and then left inside the glove bag for 1 h. The formed solid was obtained by filtration, and then washed several times with dry diethyl ether. The physical and analytical data of the Schiff base metal complexes are summarized as follows:
[Ni(Salen)] (1): Red orange. Yield: 85%; M.P.:>300°C. FT-IR (KBr, cm Ni: C, 59.77; H, 4.36; N, 8.72; Ni, 18.28. Found: C, 59.49; H, 4.57; N, 8.98; Ni, 18.45 .
[ H, 5.10; N, 7.93; Ni, 16.63. Found: C, 61.40; H, 5.02; N, 8.28; Ni, 16.85 .
[ , 5.45; N, 9.96; Co, 20.96. Found: C, 51.47; H, 5.37; N, 9.76; Co, 21.02 .
[Co ( , 5.02; N, 7.81; Mn, 15.33. Found: C, 60.82; H, 5.19; N, 8.20; Mn, 14.98 .
Elemental analysis and physical measurements
Carbon, hydrogen and nitrogen analyses were analyzed at the Microanalytical Center, Cairo University, Egypt. Analyses of the metal ions were carried out after decomposition of the solid complex in hot concentrated HNO 3 , then diluted with bidistilled water and filtered to remove the precipitated ligand. The solution was neutralized with ammonia and titrated with EDTA (West, 1969) . Electronic absorption measurements were performed using a Jasco V550 spectrophotometer, at Faculty of Education, Ain Shams University, Cairo, Egypt. The spectra were recorded in dry DMF in the range (200-800 nm). FT-infrared spectra were recorded on a Mattson 5000 FT IR spectrophotometer, in the range 4000-200 cm À1 using KBr discs, at Al-Azhar Univerisity, Cairo, Egypt, and a Perkin-Elmer 1430 FT IR spectrophotometer, in the range 4000-200 cm À1 using KCl discs, at Tanta University, Tanta, Egypt. Giza, Egypt. Magnetic susceptibilities of the complexes were measured by Gouy method at room temperature using a Johnson Matthey, Alfa product, Model No. MKI (magnetic susceptibility balance). Effective magnetic moments were calculated from the expression l eff = 2.828 (v M T) 1/2 BM, where v M is the molar susceptibility (Bailar et al., 1975) . Diamagnetic corrections were calculated from Pascal's constant for all atoms in the compounds (Mabbs and Machin, 1973) . Molar conductivity measurements were carried out on an YSI model 35 conductance meter (made in the UK). Melting point measured by the electrothermal melting point apparatus, Griffin & George (made in UK). Dissolved oxygen was measured using portable water proof dissolved oxygen water mode HI 9142 (made in Romania).
Oxygen absorption and desorption measurements
The DMF as highly polar and chloroform solvents, were used for comparison. The measurement system was designed as shown in Fig. 2 . Highly pure oxygen gas was passed through a nickel-monel vacuum line. The flow of oxygen was bubbled through the reactor (C) where absorption and desorption take place. Each absorption/desorption cycle requires about 1.5 h. The reactor consists of an outer two liter glass beaker jacket around a 500 mL conical flask fitted with a rubber stopper through which the gas inlet and gas outlet were passed. The reactor (C) was alternately cooled in each absorption cycle and heated in each desorption cycle. The gas inlet consisted of a glass line with a fritted glass termination attached to promote contact of the gas with the liquid. The amount of oxygen absorption and desorption was calculated by integrating the product of oxygen concentration and flow rate over the cycle, using the gauge (B). For desorption cycle, the oxygen released is passed through the U-tube immersed (solvent trap D) in a Dewar filled with ice/acetone/sodium nitrite to remove any traces of solvent. The amount of the released oxygen was calibrated using the gauge (B). At the end of the absorption and desorption measurement for each process, the vacuum line was evacuated using a vacuum pump. In the reactor C, the temperature was measured using two thermometers (À40 to 40°C) and the other from 0 to 120°C). The cooling system was controlled by ice-bath (À10°C) consisting of ice mixed with sodium nitrite (NaNO 2 ). Boiling water controlled the heating system by putting the system on the jacket containing boiling water (100°C). The solutions of the complexes were studied in different concentrations. In studying the solutions of tetradentate complexes, monodentate ligand must be used to block the fifth (axial) position where the oxygen molecule was expected to occupy the other axial position.
Results and discussion
Tetradentate Schiff base ligands
The Schiff bases, H 2 Salen, H 2 o-Hacen, and H 2 Acacen, were prepared by the condensation of ethylenediamine (en) with salicylaldehyde (Sal), o-hydroxyaceto-phenone (o-Hac) and acetylacetone (Acac); respectively, in the molar ratio 1:2. The structures were identified by elemental analysis, infrared, UV-Visible and 1 H NMR spectra. From the investigation, the ligands can be represented in Fig. 4 .
The infrared spectra are consistent with the formation of the Schiff base ligands. The vibrational assignments were aided by comparison with the vibrational frequencies of the related compounds, such as, the Schiff bases of o-hydroxyacetophenone (Alyea and Malek, 1975) . The fundamental stretching mode of azomethine, m(-C‚N-), is readily assigned by comparison with the infrared spectra of ethylenediamine (en) and salicylaldehyde, o-hydroxyacetophenone and acetylacetone. The absorption bands of the NH 2 in ethylenediamine (en) and C‚O in salcyldehyde, o-hydroxyacetophenone and acetylacetone disappear, which indicate that the condensation has occurred. The most intense bands at the range 1636-1600 cm À1 is assigned to the -C‚N-stretching frequency of the tetradentate ligands and is characterized for the azomethine moiety of most Schiff base compounds. 1 H NMR spectrum of H 2 Salen showed that the chemical shifts of the proton signals of the two CH 2 and two CH groups were observed at 3.94 and 3.35 ppm; respectively. The protons of the phenyl signals were assigned at 6.89 and 7.26 ppm, and due to their interference, it was not possible to separate them. The chemical shifts of the protons of the two phenolic OH groups were assigned at 13.22 ppm. 1 H NMR spectrum of H 2 o-Hacen ligand showed two separate signals at 2.90 and 3.96 ppm which are assigned to the two CH 3 groups. The signal at 3.96 ppm is assigned to the CH 2 group while the two signals at 7.33 and 13.72 ppm are assigned to the aromatic protons and phenolic protons; respectively.
1 H-NMR spectrum of H 2 Acacen ligand showed two separate signals at 2.23 and 2.44 ppm which are assigned to the four CH 3 groups. The signals at 3.84 and 4.35 ppm are assigned to the CH 2 and CH groups, while the signal at 9.82 ppm is assigned to the proton of the OH groups. Electronic spectral data of the Schiff base, H 2 Salen, H 2 oHacen and H 2 Acacen, ligands were recorded in DMF solution. The electronic spectra of the H 2 Salen and H 2 o-Hacen ligands exhibited four bands in the range 267, 316, 337-334 and 398-424 nm. The first and second bands correspond to the p fi p * transitions of the phenyl ring (Pretsch and Seibl, 1983) . The third band corresponds to the p fi p * transition of the azomethine, -C‚N group, while the last band was due to the n fi p * transition of the nitrogen lone-pair of the azomethine group (Di Bella et al., 1997) . The electronic spectrum of the Schiff base, H 2 Acacen, ligand exhibited three bands at 268, 286 and 334 nm. The first and second bands correspond to the p fi p * transition of the carbonyl, C‚O and -C‚N group; respectively, while the last band was due to the n fi p * transition of the nitrogen lone-pair of the azomethine group (Pretsch and Seibl, 1983) .
Transition metal complexes
The ligands reacted with Ni(II), Co(II) and Mn(II) ions to yield the corresponding tetradentate Schiff base transition metal complexes. Table 1 lists the physical and analytical data of Ni(II), Co(II) and Mn(II) complexes of the Schiff base ligands. These complexes were investigated by elemental analysis, infrared, electronic spectra and magnetic and molar conductivity measurements. The bonding sites are the azomethine nitrogen atoms and phenolic oxygen atoms. All complexes exhibit square planar structures.
Infrared spectra
The assignments were aided by comparison with the vibrational frequencies of the free ligands. The more characteristic aspects in the IR spectra is the stretching frequencies of the azomethine m(-C‚N-) groups in the range (1677-1600 cm À1 ) of the metal complexes compared to the stretching frequencies of the free ligands (1636-1612 cm À1 ) were recognized. This may be due to the coordination of the two azomethine groups to the metal ions. The m(-C‚N) stretching frequencies can be used to assess the covalent nature of the M-N bond in Co(II), Mn(II) and Ni(II) complexes (Nakamuto, 1997) . Although, there is no simple relation that exists between the m(-C‚N) stretching frequency and stability of the complexes, these bands vary in the order: Ni(II) > Co(II) > Mn(II).
The IR spectra exhibit broad bands in the range (3474-3400 cm
À1
) which can be assigned to the stretching frequencies of the m(OH) of water molecules associated with the complexes, which were confirmed by the elemental analysis. Also, the m(C-N) occurs at (1398-1314 cm À1 ) in the free ligands while in the metal complexes appeared at the same range of the (1384-1314 cm
). This means there is no significant effect on this band during the coordination (Nakamuto, 1997) . On the other hand, the infrared spectra exhibit weak bands at the range (482-417 cm À1 ), which could be assigned to the stretching frequencies of the m(M-O) band and other weak bands at the range (356-301 cm À1 ), which assigned to the stretching frequencies of the m(M-N) (Nakamuto, 1997).
Electronic spectra and molar conductivity measurements
The electronic spectra of the red oranges nickel(II) square planar complexes, [Ni(Salen)] (1) and [Ni(o-HAcen)] (2), dissolved in DMF solvent exhibit one, two or three bands in the visible region in each complex. These bands are at 556-551, 407 and 332 nm.
The configuration of d 8 is especially prone to form four coordinate diamagnetic planar derivatives, especially with stronger field ligands, or where steric hindrance impedes high coordination numbers; (Buffagni et al., 1964; Coussmaker et al., 1961) such complexes typically have a single band at 550-400 nm, and are often orange, yellow or red. A second band may be seen near 435-333 nm which is often charge transfer from ligand to metal. Square planar complexes differ from those either tetrahedral or octahedral in that absorption below 1000 nm is not seen, the crystal field strength in a square planar complex being very high. Diamagnetic is the consequence of eight electrons being paired in the four lower lying d orbitals.
It was not possible to identify the type of transitions in square planar tetradentate complexes. On the other hand, the complexes are not either octahedral or tetrahedral. Generally, the absorption bands of a typical example of octahedral nickel(II) complexes fall within the ranges 1428-770, 909-500 and 525-370 nm. These are due to 3 T 2g ‹ 3 A 2g , 3 T 1g ‹ 3 A 2g and 3 T 1g (P) ‹ 3 A 2g transitions; respectively. Also, comparing the electronic spectra of the studied nickel(II) complexes, gave different components than the tetrahedral spectra of nickel(II) complexes which fall into four different regions. Thus transition to the components of the T 1 between 870 and 580 nm and those to 1 T 2 ‹ 3 T 1 between 540 and 444 nm (Googame et al., 1961; Donoghue and Drago, 1962) .
Unfortunately it is not yet possible to make definite assignments of the spectra of square nickel(II) complexes. Although several theoretical (Donoghue and Drago, 1962; Dawson et al., 1974) and single crystal polarization studies (Greenwood and Earnshow, 1989; Lever, 1997) have been undertaken no systematic interpretation of the spectra is yet feasible. Whilst, it is a fairly common practice to assign the first major band near 500 nm to the 1 A 2g ‹ 1 A 1g transition (b 2g fi b 1g ) and the second major band to the 1 B 1g ‹ 1 A 1g transition (a 1g fi b 1g ) (Donoghue and Drago, 1962) in most cases, it is rarely possible to identify the d-d band of a nickel(II) complex of an organic ligand, since even the very weak tail of UV-organic absorption tailing into the visible can obscure them (Dawson et al., 1974) .
The magnetic moments, l eff , for square planar Ni(II) complexes were measured. No values were obtained, which gave strong proof for the diamagnetic nature of square planar Ni(II) complexes (Lever, 1997 (Lever, 1997 and Hitchman, 1977) . It was not easy to identify the type of transitions, in a rigorous manner as in the octahedral (high or low-spin) or tetrahedral arrangements, where it is very speculative. It is possible to understand the electronic spectra of their complexes after comparison with the spectra of the octahedral and tetrahedral types. Generally, in the early literature, octahedral cobalt(II) was reported to be pink, while tetrahedral cobalt(II) was green or blue, also square planar cobalt(II) was brown (Li et al., 2006) .
In case of cobalt(II) high spin octahedral spectra, two principle regions of the absorptions are observed. A band near 1250-1000 nm can be assigned to the 4 T 2g ‹ 4 T 1g transition, in addition, a multiple structured band assigned to 4 T 1g (-P) ‹ 4 T 1g transition, lies in the visible region near 500 nm with high intensity. In the case of cobalt(II) low spin octahedral spectra two bands were observed, one of them near 1175 nm, while the other one was observed in the range from 3300-1600 nm with a similar intensity, where the cobalt(II) complexes possess a (t 2g ) 6 (e g ) 1 configuration and that is due to a Jahn Teller distortion. Axially distorted complexes commonly posses unpaired electrons in the d (Lever, 1997; Urbach et al., 1974; Busetto et al., 1973; Tsuchida and Tsumaki, 1938; Nishikawa and Yamada, 1964) . The four low lying d-orbitals, generally, lie close together and their relative order will depend upon the system at hand. In the case of [Co(Salen)] system, the symmetry is so low that d xz and d yz are not degenerate leading to further complexity and fewer transitions were observed mainly in the near infrared region.
Urbach and co-workers (Urbach et al., 1974) reported very low lying transition in square planar acetylacetonate Schiff base complexes, which involve transitions from d xy , d yz and d x 2 Ày 2 to d z 2 according to their ESR analysis, contain the unpaired electron. These low spin square planar cobalt(II) complexes exhibit several bands at 1200-910 nm and several transitions near the visible region at 714-500 nm, for a total of nine observable transitions which they fit within the strong field formalism (Hitchman, 1977) . The molar conductance of Co(II) complexes was measured in DMF solvents which lie in the range 9-18 ohm The electronic spectra of the dark green manganese(II) square planar Schiff base complexes, [Mn(Salen)] (6) and [Mn(o-Hacen)] (7), dissolved in DMF solvent exhibit very weak one band in the spectrum of each complex in the visible region (Busetto et al., 1973) . It was not possible to identify the type of transition in either square planar tetradentate or square pyramid pentadentate complexes. From the literature, it was speculative to interpret the data with related electronic spectral data of related complexes. On the other hand, the complexes are not either octahedral or tetrahedral. Generally, the absorption bands of a typical example of octahedral manganese(II) is manganese ion in aqueous solution, which gave d 5 -octahedral spectra with the transitions: 538, 437, 402, 397, 358, 336 nm which are due to
A 1g ; respectively. On the other hand the spectra of octahedral manganese(II) differ from those of other metal cations, in two ways, which are: (i) the band (apart from UV-region) is of low intensities and (ii) there are more bands than other transition metal ions.
Also, a comparison of the electronic spectra of the studied Mn(II) complexes gave different components than the tetrahedral manganese(II) complexes. The tetrahedral spectra of manganese ( In most cases, it is rarely possible to identify the d-d bands of manganese(II) complexes of organic ligands since even the very weak tail of UV-organic absorption tailing into the visible can obscure them. The measured values of the magnetic moment, l eff , were (1.60-1.81) B.M., which lie at the d 5 -configuration around 1.73 B.M., which confirm the square planar structures (Campbell and Nyuyen, 2001; Lever, 1997 (Geary, 1971) .
TGA and mass spectra
The mass spectrum of the Schiff base complex, [Ni(Salen)], (1), revealed the molecular ion peak at m/z 324 which is coincident with the formula weight (325) and supports the identity of the structure. Thermal gravimetric analysis for [Co(Salen)] complex (5) was obtained to give information concerning the thermal stability of the complex. The TGA curves of the complex can be subdivided into four main stages as shown in Fig. 3 
CoO
The first stage was at 311-380°C where the complex begins to decompose and is assigned to the loss of C 3 H 5 N 2 (weight lost%; Found/Calcd.; 21.064/20.117). The second stage was at 381-446°C, which is due to the loss of ½C 2 H 2 (weight lost%; Found/Calcd.; 3.732/ 3.790). The last stage was at 447-659°C, which is due to the loss of C 12 H 8 O (weight lost%; Found/Calc.; 46.024/ 48.979).
Oxygen absorption and desorption processes
The present work is concerned with the studies on Co(II), Mn(II) and Ni(II) Schiff base complex carriers with respect to their structures on the: (i) solubility (which is an important parameter in the total oxygen capacity of solutions because more concentrated carrier solutions will have higher capacity) (ii) oxygen affinity (absorption and desorption processes) and (iii) stability (which is an important factor to know how long these complexes are reproducible after their use in the sorption processes).
Although the solubility of the Ni(II) and Mn(II) complexes were significant in both DMF and chloroform solvents, the oxygen affinity of these particular ions was less significant compared to that of Co(II) complexes. This may be due to the fact that, these types of Ni(II) and Mn(II) complexes could require different experimental conditions, such as low temperature than the expected regular matter, which is cited in the literature (Makinen and Techniques, 1975) . Cobalt(II) complexes showed significant absorption and desorption processes, when the colors of the Co(II) complexes turn red after the absorption of the oxygen at À10°C in both DMF and chloroform solvents and turn back to their original brown color with the release of the absorbed oxygen starting from +60°C until +80°C.
The following detailed studies of the solubility for the tetradentate Schiff base Co(II), Ni(II) and Mn(II) complexes in DMF and chloroform, and the study of their oxygen affinity using sorption and desorption processes in DMF and chloroform solvents and stability for the Co(II), Ni(II) and Mn(II) complexes with different concentrations are given in the following sections:
3.3.1. Solubility
Before studying the efficiency of these complexes as oxygen carriers, it is important to know their maximum solubility which is an important parameter. This solubility parameter could give us the highest capacity of each Schiff base complex solution to carry oxygen.
The solubilities for the tetradentate Schiff base complexes (1-7) in DMF solvent were 0.08, 0.10, 0.11, 0.13, 0.12, 0.07 and 0.07 and 0.08 M, respectively, and in chloroform solvents were 0.08, 0.07, 0.08, 0.10, 0.07, 0.06 and 0.07 M, respectively. Different polar and non polar solvents were preliminarily tested in test tubes, such as: DMF, THF and pyridine nitrobenzene, dichloroethane and chloroform.
It is found that DMF and chloroform solvents are more efficient than other solvents. Although DMF is a strong solvent which is able to replace some ions such as nitrate in the metal complexes from their coordination spheres, this solvent is a more efficient solvent in the absorption and desorption processes, and is a good medium at low temperature in binding the oxygen to the appropriate Schiff base complexes, thus replacing the oxygen in the desorption process at elevated temperature.
The 
Oxygen affinity
Results of oxygen affinity studies of solutions of brown tetradentate Schiff base Co(II) carriers, (3), (4) and (5) in both DMF and chloroform, at À5°C to 100°C, are recorded in Table 1 . In case of the tetradentate Schiff base Co(II) carriers, the oxygen affinity studies were undertaken in the absence and presence of axial base (pyridine) ligand in the molar ratio 1:1 (metal complex:pyridine). The presence of the pyridine was used for blocking one of the two vacant sites in the complexes.
By comparing the two solvents for the oxygen affinity, it is noted that DMF has greater oxygen affinity than the corresponding non polar chloroform.
The oxygen affinity in each Co(II) complex was studied by several cycles of absorption and desorption, where the color of the solutions turned to brown in the absorption process and returned to red during the desorption processes. The first four cycles were undertaken within 4 h, which leads to a greater increase in carrier loading. Many additional cycles of absorption and desorption processes were conducted during 16 h with 10 cycles after the data in Table 1 are obtained. After this time, the complex solution did not show the absorption or desorption processes and there was no change in the red color of the Co(II) solutions. These additional further cycles take longer time than the first former four cycles.
In Table 1 for oxygen affinity studies for Co(II) complexes in DMF and chloroform solvents, the oxygen concentration is considered the amount of oxygen measured by the dissolved oxygen (DO) meter, which indicates the molar ratio of the complex carrier to the oxygen carried in the complex. The oxygen capacity is the weight of oxygen molecules carried by the carrier complex. The percentage carrier loading is calculated by the equation:
Carrier loading % ¼ Mol of O 2 carried Mole of ½ðCarrier complexÞO 2 x100
The average carrier loading gives indications of the carrier affinity for oxygen. At this point, this affinity is described empirically, as there is no mechanistic oxygen complexation information, such as whether the oxygen binding species is 2:1 or 1:1 complex of carrier to dioxygen (Berkeley and Calvin, 1946) . The presence of pyridine axial base clearly increases oxygen affinity, as seen from the affinity data for solutions of [Co(o-Hacen)] (3), [Co(Acacen)] (4), [Co(Salen)] (5). This may be ascribed to the electron-donating nature of the base which strengthens the cobalt-dioxygen interaction. Table 1 lists the oxygen absorption and desorption capacities of the Ni(II) tetradentate Schiff base oxygen carriers (1) and (2) in DMF and chloroform solutions at À5 to 100°C. The significant observation for the nickel(II) oxygen carriers is the oxygen capacity and the percentage of the carrier loading behaves differently from the Co(II) oxygen carrier complexes, which gave lower values. The reason for these lower values of Ni(II) complexes are not clearly understood.
Similarly, Table 1 lists the oxygen absorption and desorption capacities of the Mn(II) tetradentate Schiff base oxygen carriers (6) and (7) in DMF and chloroform solutions from À5°C to 100°C. The same behavior is identical to the Ni(II) oxygen carrier series and did not show a promising percentage carrier loading.
Stability
More investigations were carried out on testing the absorption and desorption processes in different concentration of the metal complex. This indicates that the decrease in the concentration of the carrier complex results in a decrease in the absorption of the dioxygen. In this study, one example was investigated. The example is Co(II) tetradentate Schiff base carrier such as [Co(Salen)] (5). Table 2 lists the oxygen absorp-tion capacity of cobalt(II) Schiff-base complexes, [Co(Salen)] (5), oxygen carrier in 100 mL DMF from À5°C (absorption) to 100°C (desorption) in different concentrations.
Conclusions
Oxygen absorption-desorption processes for square planar Mn(II), Co(II) and Mn(II) complexes of tetradentate Schiff base ligands derived from condensation reaction of ethylenediamine with salcyldehyde, o-hydroxyacetophenone or acetylacetone in DMF and chloroform solvents were investigated. The sorption processes were undertaken in the presence and absence of (pyridine) axial-base in 1:1 M ratio of (pyridine:metal(II) complexes). Complexes in DMF indicate significant oxygen affinity than in chloroform solvent. Cobalt(II) complexes showed significant sorption processes compared to Mn(II) and Ni(II) complexes. The presence of pyridine axial base clearly increases oxygen affinity. This kind of material can be used as a catalyst in oxidative addition reactions in the organic chemistry and petrochemicals, which is reproducible and is considered environmentally friendly. 
